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The seed biology of three Mesembryanthema species, Brownanthus ciliatus (Ait.) Schwant., Rhinephyl/um 
macradenium (L. Bal.) Schwant. and Drosanthemum montaguense L. Bol. was studied at the Tierberg Karoo 
Research Centre in the Prince Albert district of the southern Karoo. Variation in capsule and seed numbers 
was recorded over three sampling periods representing different seed production events. In addition, the soil 
seed bank was investigated, as well as capsule opening rates and seed germination behaviour. Generally, 
there was a decline in capsule and seed numbers with time, suggesting that the canopy-stored seed bank is 
limited to the current year's seed production. Large soil seed banks did not appear to be characteristic of the 
species studied. Our estimates of seed production were larger than estimates of other researchers, possibly 
due to time of data collection. Our findings are related to the community structure and dynamics of the 
vegetation on the study site. 
Die saadbiologie van drie Mesembryanthema spesies, Brownanthus ciliatus (Ait.) Schwant., Rhinephyl/um 
macradenium (L. Bol.) Schwant. and Drosanthemum montaguense L. Bol., is by die Tierberg Karoo 
Navorsingsentrum in die Prince Albert distrik, suidelike Karoo, bestudeer. Variasie in kapsule- en saadgetalle 
tussen drie versamelingsperiodes, wat verskillende saadproduksie-gebeure verteenwo~rdig het, is 
waargeneem. Die grondsaadbank, sowel as die oopspring van kapsules en die ontkieming van saad, is 
ondersoek. In die algemeen was daar oor 'n tydperk 'n afname in kapsule- en saadgetalle wat daarop dui dat 
die blaardak-gestoorde saadbank beperk is tot die huidige jaar se saadproduksie. Groot grondgestoorde 
saadbanke is blykbaar nie kenmerkend van die spesies wat bestudeer is nie. Ons skatting van saadproduk-
sie was hoar as die skatting van ander narvorsers, wat moontlik toegeskryf kan word aan die seisoen waarin 
die data versamel is. Ons bevindinge hou verband met die gemeenskapstruktuur en dinamika van die plante-
groei in die studiegebied . 
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Introduction 
Members of two subfamilies comprising the Mesembryan-
thema, viz. Ruschioideae and Mesembryanthemoideae, in 
the family Aizoaceae (Bittrich & Hartmann 1988), largely 
dominate the semi-arid succulent Karoo regions of the 
southern and south-western Cape of Southern Africa 
(Jurgens 1986; Hartmann 1991). Not only do the Mesem-
bryanthema contribute significantly to the exceptionally 
high diversity of these areas (Cowling et al. 1989), but they 
also appear to playa vital role in the dynamics of the plant 
communities in which they occur (Yeaton & Esler 1990). 
Little work, however, has been done on the population 
dynamics and ecology of this group (Hartmann 1983). More 
specifically, basic data on seed banks of Mesembryanthema, 
and in fact of Karoo plants in general, are lacking (Cowling 
1986). 
Seeds of most Mesembryanthema are stored in hygro-
chastic capsules (Hartmann 1988). These open during rain 
when moisture conditions are more favourable for germina-
tion and establishment (Garside & Lockyer 1930; Lockyer 
1932; Ihlenfeldt 1971; Rawe 1975; Van Rooyen et al. 1980; 
Gutterman 1990; Hartmann 1991), and close again when 
dry. The observation that many species retain seeds in their 
capsules for several seasons as a reserve (Hartmann 1988, 
1991), has led to the conclusion that canopy-stored seed 
banks are a widespread phenomenon in the Mesembryan-
thema (Ihlenfeldt 1971; Hoffman & Cowling 1987). 
In this paper, we investigate the seed biology of three 
species of Mesembryanthema. In the context of the life 
histories of the study plants, we relate our findings to the 
community structure and dynamics (Yeaton & Esler 1990) 
of the vegetation on the study site in the southern succulent 
Karoo. 
Study site and study species 
The study was conducted over a period of two years (1987 -
1988) at a moderately grazed site less than 1 km from the 
Tierberg Karoo Research Centre in the Prince Albert district 
of the southern Karoo (33°IO'S, 22°17'E). The area is situ-
ated on a colluvial plain (800 m altitude), 20 km north of the 
Swartberg mountain range of the Cape folded belt. Soils in 
this area are weakly structured, with lime deposits generally 
present (Ellis & Lambrechts 1986). The area receives 
approximately 170 mm of rainfall per year, which falls 
mostly in autumn and spring. For the period of the study, 
rainfall records from January 1986 to July 1987 were 
obtained from the Prince Albert Gaol (26 km E of the study 
site, 830 m altitude, 33°14'S, 22°02'E) (Sue Milton, 
Fitzpatrick Institute, University of Cape Town, pers. 
commun.) and from August 1987 to December 1988 from 
the Tierberg research site. These indicated a total rainfall of 
204.9 mm in 1986, 134.3 mrn in 1987 and 297.0 mm in 
1988. The average annual rainfall for 92 years from the 
Prince Albert Gaol is 167 ::t: 7 mm. Temperatures range 
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from below O°C to above 30°C with a mean annual temp-
erature of 17SC (Milton et al. 1992). 
The vegetation on the site is relatively homogeneous, 
comprising perennial succulent (mostly Mesembryanthema) 
and non-succulent shrubs. Different plant communities 
occur along drainage lines and on mirna-like mounds or 
heuweltjies (Lovegrove & . Siegfried 1989). Our study 
concentrated on species found on the 'flats' vegetation 
(Milton et al. 1992). Three Mesembryanthema species were 
selected for this study: Drosanthemum montaguense L. Bol. 
(sub-family Ruschioideae), Brownanthus ciliatus (Ail.) 
Schwant. (sub-family Mesembryanthemoideae) and Rhine-
phyllum macradenium (L. Bol.) Schwant. (sub-family 
Ruschioideae). In the following, the species will be referred 
to by their generic names. In the succession model proposed 
by Yeaton and Esler (1990), these species play different 
roles in the dynamics of the system at the study site. The 
mound-building species of Mesembryanthema are able to 
colonize open areas between existing vegetation (Brownan-
thus. Rhinephyllum). These then provide woody shrubs with 
protected sites in which to establish (Drosanthemum). (Our 
definition of woody shrub is based on growth form. Woody 
shrubs are taller, with erect branches and long internodes, 
than the remainder of the species on the study site which are 
more procumbent in growth form, e.g. mound mesembs.) In 
time, the mound mesembs are out-competed and replaced by 
the woody-shrub guild. Brownanthus is an ascending, multi-
stemmed, non-woody evergreen stem succulent and leaf 
deciduous species which acts as a primary colonizer in the 
sequence of species replacements proposed by Yeaton and 
Esler (1990) for the study site. This species collects organic 
matter and soil at its base (mound-mesem) and thus provides 
refuges for woody shrubs which appear later on in the 
successional sequence in this habitat. Rhinephyllum is a 
procumbent, evergreen and mat-forming species, appearing 
later on in the successional sequence, thus replacing 
Brownanthus. Drosanthemum is a semi-deciduous member 
of the woody-shrub guild. This guild relies on the mound-
building forms of Mesembryanthema for establishment sites 
(Yeaton & Esler 1990). 
Methods 
Community structure 
Density of the study species per square metre was calculated 
from counts of individuals in 10 randomly placed 5 x 5 m 
quadrats. For each of the study species, plant diameter and 
height was recorded for calculation of cover. For a more 
detailed description of the community structure of the site, 
see the papers by Yeaton and Esler (1990) and Milton et al. 
(1992). Three line transects, each 50 m long, were used to 
count the number of dead versus living individuals of each 
species. 
Canopy-stored seeds 
For each species, all seed capsules from ten (April 1987) or 
fifteen (February and December 1988) randomly selected 
plants were harvested. Plants of Brownanthus were sub-
sampled (i.e. capsules from half of the plant were 
harvested), as large numbers of seed capsules made col-
lection too time-consuming. For each plant, the length along 
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the long axis (L) and the greatest width at right angles to the 
length (W) were measured. These measurements were used 
in the calculation of plant size using the formula 'ITLW/4. All 
three species flower in spring (September), and the resulting 
capsules mature to release their seed from December to 
March of the following year. Seed capsules collected in 
April 1987 were from the previous year's seed production 
(1986); those collected in February 1988 were from the 
1987 seed production; and those collected in December 
1988 were from the 1988 seed production. The capsules 
were sorted into current and previous season's production 
(based on observation; older capsules from the previous 
season's production had weathered more than the current 
year's capsules) and counted. The number of seeds per 
capsule was determined from 30 randomly selected cap-
sules. The seeds were retained for germination trials. 
Soil-stored seeds 
To investigate the soil-stored seed bank, soil samples were 
collected from the study site during winter (July 1989) and 
summer (January 1990). Thirty soil samples were taken at 
each sampling time from 15 x 23 cm randomly located 
quarats (equivalent to the area of an incubation seed tray), 
and to a depth of 2 cm. Each soil sample was mixed and 
placed in a 2-cm layer over a standard soil mixture. These 
were then placed in randomized blocks in a nursery at the 
Worcester Veld Reserve (33°39'S, 19°26'E). Trays were 
kept moist using an automated spray system, and seedling 
recruitment was monitored over an entire year for both 
sample periods (i.e. from July 1989 to July 1990 for the 
wintet: samples, and from January 1990 to January 1991 for 
the summer samples). 
Capsule opening times 
Rate of capsule opening was measured by dripping water 
onto capsules of each species in the field (capsules were 
kept constantly moist), and recording the length of time 
before the capsule was fully opened. This was carried out 
under different temperatures and relative humidities by 
examining the opening times at different periods during the 
day. 
Seed germination 
Seeds collected for the determination of the current year's 
seed production were used in the laboratory germination 
trials. Twenty-five seeds were sown in each of four Petri 
dishes (diameter, 9 mm) containing three layers of S + S 
filter paper saturated with a 0.75 gr1 solution of Benlate 
fungicide (to prevent fungal infection). Petri dishes were 
then placed in clear plastic bags in controlled environmental 
conditions within two electrocool growth cabinets (photon 
flux density: 49 ).Lmol m-2s-1). The two cabinets were set at 
alternating temperature/light cycles designed to simulate the 
average day and night temperatures in summer (30°C, 14 h 
light period and 15°C, 10 h dark period) and winter (20°C, 
14 h light period and 10°C, 10 h dark period). Seeds were 
considered germinated when the radicle had emerged and 
elongated to 2 mm. Numbers of germinated seeds were 
recorded at two-day intervals for a month after initiation of 
the germination trials. 
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Results 
Community structure 
Brownanthus had the greatest number of adult plants and the 
highest percentage cover of the three species. Averaged data 
for the 10, 5 x 5 m quadrats gave an overall canopy spread 
cover (m2, x ::t: S.D.) of 2.5 ::t: 2.09 for Brownanthus, 1.17 
::t: 0.07 for Rhinephy/lum and 1.70 ::t: 2.29 for Drosanthe-
mum. Adult plant densities (numbers of individuals) per 
square metre were 0.37 ::t: 0.32 for Brownanthus, 0.30 ::t: 
0.19 for Rhinephyllum and 0.16 ::t: 0.18 for Drosanthemum. 
The mean density figures were used in the seed bank calcu-
lations. A count of the dead versus living individuals along 
three 50-m long line transects indicated that 24% of the 
Brownanthus plants, 22% of the Rhinephyllum plants, and 
8% of the Drosanthemum plants encountered were dead. 
Canopy-stored seeds 
Overall, Brownanthus produced more seed capsules per 
plant (Table 1) and per square metre (Table 2) than Drosan-
themum or Rhinephyllum. The capsule numbers (m-2) for the 
latter two species were within the same order of magnitude, 
although there was some variation between years (Table 2). 
Plant sizes were calculated to be (x ::t: S.D., N = 30) 1564.09 
::t: 882.23 cm2 for Drosanthemum, 1027.17 ::t: 830.39 for 
Brownanthus and 765.27 ::t: 650.73 for Rhinephyllum. For 
all three species, at each sampling period, the current year's 
capsules (0 year capsules) were more numerous than the 
previous year's capsules, and hence contributed more sig-
nificantly to overall capsule numbers. Generally, there was a 
decline in capsule numbers with time (i.e. comparing this 
year's capsule production with last year's production) 
(Tables 1, 2). One-way analyses of variance of capsule 
numbers per plant over each sampling period for each 
species and for each capsule age (significance between 
species), indicated that there was little variation in overall 
seed capsule numbers between years, except for the current 
year's capsule numbers of Drosanthemum (ANOVA: F-ratio 
4.73, P < 0.05, df. = 2, 36), and the 1 year capsule 
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numbers of Rhinephyllum (ANOVA: F-ratio = 14.46, P < 
O.oI, df. = 2, 35). The below-average rainfall in 1987 (see 
study site description) may explain the low numbers of seed 
capsules produced by Drosanthemum in its 1987 production 
year (i.e. seed collected in February 1988) (Tables 1, 2). 
Brownanthus and Rhinephyllum appeared not to be affected 
by this variation in rainfall, as similar numbers of capsules 
were produced each year (Table 1). 
There was a great deal of variation in numbers of seed 
counted per capsule, probably due to collection times (Table 
3). The highest seed numbers per capsule (Table 3) were 
recorded in December 1988 for the current year's capsules. 
These data are probably closest to the actual numbers of 
seeds produced per capsule, as little rain had fallen between 
the time of production and collection. Lower numbers of 
seeds recorded for April 1987 and February 1988 indicate 
that seeds had possibly been released already. Of the three 
species, Rhinephy/lum produced the most seeds per capsule, 
more than 5.7 times as much as Brownanthus and 3.5 times 
as much as Drosanthemum (Table 3, using December 1988 
o yr data). This corresponds with the capsule sizes (diameter 
in millimetres, N = 10) of (X ::t: S.D.) 8.35 ::t: 0.98 for 
Rhinephy/lum, 4.75 ::t: 0.40 for Drosanthemum and 3.82 ::t: 
0.36 for Brownanthus. 
Although Rhinephyllum produced fewer capsules per 
square metre than Brownanthus (Table 2), it produced more 
seeds per capsule and thus effectively was capable of 
producing approximately as many seeds per square metre as 
Brownanthus (February 1988 data, Table 4). Drosanthe-
mum, on the other hand, produced far fewer seeds per 
square metre (Table 4). 
Soil-stored seeds 
No seedlings were recorded from the winter-collected soil 
samples. However, 46 Brownanthus seedlings, 5 Rhine-
phyllum seedlings and 26 Drosanthemum seedlings were 
recorded in the summer-collected soil samples. From the 
soil samples, seedling density was calculated to be 44.4 
Table 1 Variation in capsule numbers per plant (x ::t: S.D., N = 15 plants for February 
and December 1988, N = 10 plants for April 1987) for Drosanthemum montaguense, 
Brownanthus ciliatus and Rhinephyllum macradenium at three sampling timesa 
Sampling time DrosantMmum Brownanthus 
(a) Current year's capsules per plant (0 yr) 
Apr 1987 186.11 ± 135.50 299.67 ± 140.20 
Feb 1988 49.07 ± 70.55 193.47 ± 316.50 
Dec 1988 101.87 ± 103.98 
sig within spp * 
(b) Previous year's capsules per plant (1 yr) 
403.67 ± 323.97 
N.S. 
Apr 1987 55.10 ± 31.88 68.29 ± 80.50 
Feb 1988 45.27 ± 52.86 89.07 ± 141.21 
Dec 1988 35.20 ± 40.91 21.27 ± 51.89 
sig within spp N.S. N.S. 
(c) Total number of capsules per plant (0 yr + 1 yr) 
Apr 1987 272.50 ± 167.39 384.89 ± 230.74 
Feb 1988 94.33 ± 104.18 282.53 ± 403.34 
Dec 1988 137.07 ± 117.22 424.93 ± 329.57 
sig within spp ** N.S. 
Rhinephyllum 
78.00 ± 22.40 
73.47 ± 59.03 
58.53 ± 32.19 
N.S. 
28.00 ± 12.72 
18.40 ± 17.17 
110.47 ± 73.66 
** 
111.20 ± 30.44 
91.87 ± 71.09 
169.00 ± 99.85 
N.S . 
sig between spp 
* 
N.S. 
*** 
N.S. 
N.S. 
*** 
N.S. 
N.S. 
** 
• One·way analyses of variance were conducted on the data; *, p < 0.05; **, p < 0.01; ***, p < 0.001; 
N.S., not significant. 
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Table 2 Variation in capsule numbers per square metre (x ± S.D., N = 15 plants for 
February and December 1988, N = 10 plants for April 1987) for Drosanthemum monta-
guense, Brownanthusciliatusand Rhinephyllummacradeniumat three sampling times" 
Sampling time Drosanthemum Brownanthus 
(a) Current year's capsules per square metre (0 yr) 
Apr 1987 29.78 ± 23 .00 110.89 ± 55.03 
Feb 1988 7.97 ± 11.30 71.60 ± 117.10 
Dec 1988 16.30 ± 16.60 149.40 ± 119.90 
sig within spp * N.S. 
(b) Previous year's capsules per square metre (1 yr) 
Apr 1987 8.80 ± 5.10 25.27 ± 32.17 
Feb 1988 7.20 ± 8.50 32.95 ± 52.20 
Dec 1988 5.60 ± 6.50 7.90 ± 19.20 
sig within spp N.S. N.S. 
(c) Total number of capsules per square metre (0 yr + 1 yr) 
Apr 1987 43.60 ± 26.78 142.41 ± 85.38 
Feb 1988 15.09 ± 16.67 90.41 ± 129.07 
Dec 1988 
sig within spp 
21.93 ± 18.76 
** 
157.23 ± 121.94 
N.S. 
Rhinephyllum 
23.40 ± 6.70 
22.00 ± 17.70 
17.60 ± 9.70 
N.S. 
8.40 ± 4.08 
5.50 ± 5.20 
33.10 ± 22.10 
** 
33.36 ± 9.13 
27.56 ± 21.33 
50.95 ± 29.95 
N.S. 
sig between spp 
** 
* 
*** 
N.S. 
* 
*** 
** 
* 
*** 
• Results are calculated from number of capsules per plant multiplied by density of individuals per square 
metre. Density figures are as follows (x ± S.D.): Drosanthemum, 0.16 ± 0.18 plants m-2 ; Brownanthus, 
0.37 ± 0.32 plants m-2 ; and Rhinephyllum, 0.30 ± 0.19 plants m-2 . One-way analyses of variance were 
conducted on the data; *, p < 0.05; **, p < 0.01, ***, p < 0.001; N.S., not significant. 
Table 3 Variation in numbers of seeds per capsule (x ± S.D., N = 30 capsules) for 
Drosanthemum montaguense, Brownanthus ciliatus and Rhinephyllum macradenium at 
three sampling timesa 
Sampling time Drosanthemum Brownanthus 
(a) Number of seeds in current year's capsules (0 yr) 
Apr 1987 7.77 ± 3.80 11.97 ± 10.81 
Feb 1988 39.27 ± 28.57 11.73 ± 10.22 
Dec 1988 32.97 ± 33.20 19.87 ± 7.13 
sig within spp *** ** 
(b) Number of seeds in previous year's capsules (1 yr) 
Apr 1987 
Feb 1988 13.84 ± 13.15 5.80 ± 5.68 
Dec 1988 3.17 ± 6.85 0.00 ± 0.00 
sig within spp ** *** 
Rhinephyllum 
12.77 ± 17.68 
56.03 ± 80.21 
113.93 ± 64.40 
*** 
0.10 ± 0.30 
0.13 ± 0.34 
N.S. 
sig between spp 
N.S. 
** 
*** 
*** 
** 
• One-way analyses of variance were conducted on all of the data except for the within-species 
significance tests in (b), where two sample I-tests were used; *, p < 0.05; **, p < 0.01; ***, p < 0.001; 
N.S., not significant; -, missing data 
seedlings per square metre for Brownanthus, 4.8 for Rhine-
phyllum and 25.0 for Drosanthemum. These figures are 67, 
420 and 22 times smaller than the numbers of seeds pro-
duced per square metre for each species respectively (Table 
4, December 1988 data). 
erature for opening (ca. 24°C). Temperatures on either side 
of this showed slower opening times. In Drosanthemum, 
capsules opened faster as temperatures increased (Table 5). 
Seed germination 
Capsule opening times 
There was a significant difference between the capsule 
opening times of the different species and between the 
opening times of the same species at different temperatures 
(Table 5). Brownanthus showed the most rapid opening of 
all the species under the different temperatures and humid-
ities. Drosanthemum was the next most rapidly opening 
capsule and Rhinephyllum the slowest (Table 5). Brownan-
thus and Rhinephyllum appeared to have an optimum temp-
Brownanthus showed the lowest level of germination with 
only 12% of the (plump) seeds germinating after 30 days 
(December 1988, Table 6) (non-plump seeds were not via-
ble). Better germination results were obtained using the 
simulated winter temperature regime of a lOoe night and a 
200e day. Germination trials were conducted immediately 
after collecting seeds - this may indicate some degree of 
innate dormancy in Brownanthus; however, it may also be 
that conditions for germination were not provided in the 
experiment (i.e. enforced dormancy). Higher overall 
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Table 4 Variation in numbers of seeds per square 
metres for Drosanthemum montaguense, Brownanthus 
ciliatus and Rhinephyl/um macradenium at three sampling 
timesa 
Sampling time Drosanthemum Brownanthus Rhinephyllum 
(a) Seeds per square metre in current year capsules (0 yr) 
Apr 1987 231 1327 299 
Feb 1988 310 840 1233 
Dec 1988 537 2969 2005 
(b) Seeds per square metre in previous years capsules per (1 yr) 
Apr 1987 
Feb 1988 100 191 0.6 
Dec 1988 18 0 4 
(c) Total number of seeds per square metre (0 yr + 1 yr) 
Apr 1987 >231 >1327 >299 
Feb 1988 410 1031 1234 
Dec 1988 555 2969 2009 
• Results were calculated by multiplying mean numbers of capsules 
per square metre (Table 2) by mean numbers of seeds per capsule 
(Table 3). -, missing data. > sign used for (c) April 87 data due to 
missing data of 1 yr capsules. 
Table 5 Mean capsule opening times in seconds (x :!.: 
S.D, N = 10) for Drosanthemum montaguense, Brown-
anthus ciliatus and Rhinephyllum macradenium at 
different temperatures and relative humiditie~ 
Temp. ReI. hu- Drosan- Brownan- Rhine- sig be-
ee) mid. (%) themum thus phyllum tween spp 
34 51 106 ± 28 98 ± 35 1% ± 25 *** 
29 52 121 ± 25 56 ± 12 240 ± 38 *** 
24 50 120 ± 28 45 ± 90 176 ± 26 *** 
13 15 191 ± 32 65 ± 60 244 ± 20 *** 
sig within spp *** *** *** 
Kruskal-Wallis analyses of variance (Zar 1984) were used for sig-
nificance testing; ***, p < 0.001. 
Table 6 Percentage germination of seed from current 
year's (0 yr) capsules for Drosanthemum montaguense, 
Brownanthus ciliatus and Rhinephyllum macradenium at 
two temperature regimes: 10°C nightl20°C day and 15°C 
nightl30°C day and three sampling times. Germination 
recorded after 30 days, N = 100 seeds 
Samp- Drosanthemum Brownanthus Rhinephyllum 
ling 
time 1O/20oe 15/lOoe 10/20oe 15/30oe 10/20oe 15/30oe 
Apr 87 60 26 8 2 77 50 
Feb 88 12 46 6 2 58 60 
Dec 88 22 40 12 2 38 48 
germination percentages were obtained for Drosanthemwn 
and Rhinephyllum, although there was a great deal of 
variation between sampling times and between temperature 
treatments (Table 6). Chi-square tests for Drosanthemum (i = 37.3, P < 0.0001) and Rhinephyllwn (i = 6.26, P ,;;; 
0.04) indicated significant temperature and sampling-time 
effects. We were unable to perform a chi-square test on 
Brownanthus data due to very small values in the data set. 
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Discussion 
Our estimates of seed production per square metre were far 
higher than those provided by Milton and Dean (1990) for 
the same species at an equivalent moderately grazed site at 
Tierberg. They estimated a total of 236 seeds per square 
metre for Brownanthus, 122 for Drosanthemwn and 19 for 
Rhinephyllum with 7,20 and 9 seeds counted per capsule for 
each species, respectively. It is possible that they did not 
take into consideration the time of capsule collection, since 
this greatly influences seed counts due to seed release after 
rainfall, as indicated by the variation in our data. Our 
estimates of numbers of seeds produced per square metre 
are comparable to those of selected perennial species in the 
Sonoran and Great Basin deserts (Kemp 1989). 
For all three species, the current year's seed production 
contributed significantly to overall canopy seed numbers. 
One-year-old capsules contained fewer seeds suggesting that 
the canopy-stored seed bank is fairly limited to the current 
year's seed production (Table 3). This is also indicated in 
Table 4 which shows the very high numbers of seeds per 
square metre for 0 year capsules as opposed to 1 year 
capsules. Data (unpublished da~, Esler) for 1989's seed 
production of Mesembryanthema on the Tierberg study site 
give some indication of the low seed retention capabilities 
of the three species. Six months after seed production (and 
after 177.5 mm of rainfall), Drosanthemwn had 3.9% of its 
seed remaining, whilst Brownanthus had 12.5% of its seed 
remaining. None of the Rhinephyllum seeds remained in the 
capsules (N = 25 seed capsules counted per species). 
Canopy-stored seed banks (and soil seed banks) do not 
appear to be characteristic of the perennial species that we 
studied. The seed source for these species in favourable 
recruitment years is likely to be from seeds produced in that 
year. 
Our seed biology data appear to corroborate the cyclic-
succession ideas proposed by Yeaton and Esler (1990) for 
the study site. The three species of Mesembryanthema 
chosen for this study occupy different stages in their 
proposed successional sequences (see above). Brownanthus 
was proposed as a primary colonizer in the successional 
sequence. This species had the highest reproductive output 
in terms of capsule numbers per individual and per square 
metre and its overall seed production was high. Since 
Brownanthus is easily out-competed by later successional 
species (Yeaton & Esler 1990), and since its adult plant 
turnover is possibly faster than that of the other species (we 
recorded the largest percentage of dead plants for this 
species), more emphasis is likely to be placed on seed bank 
persistence. Our soil seed data indicated, however, that 
seedlings only germinated from soil collected in summer 
(January, at the onset of seed dispersal), whilst winter-
collected soil cores (July) produced no seedlings (even 
though the cores were monitored over the entire seasonal 
range). A larger data set did show some germination for 
Brownanthus from winter-collected soil cores (Esler & 
Cowling, unpublished data), so it is possible that a small 
seed bank exists for this species, although it was not 
indicated in our data set, possibly due to under-sampling. 
Poor germination of Brownanthus in laboratory experiments 
pointed to seed dormancy, which makes it difficult to 
conclude whether the seed bank of this species is persistent 
or transient using our techniques. The question of seed 
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banks for this species can only be satisfactorily answered by 
measuring viability of seed extracted from the soil. 
Although Rhinephyllum produced as many seeds per 
square metre as Brownanthus, this species did not appear to 
have a persistent seed bank. Seeds were rapidly released 
from the canopy and the high germination percentages 
excluded the possibility of a soil seed bank. The fact that no 
seed germinated from the winter-collected soil cores 
confirmed this. This species appears to use a 'broadcast-
spawning' approach, with the emphasis on seed dispersal 
and numbers. Most of its seed is probably lost during the 
peak germination period corresponding to the April rains 
(Esler & Cowling, unpublished data). Rhinephyllum occurs 
later in the proposed successional sequence, where the 
chances of encountering favourable establishment sites are 
lower. The slow capsule-opening rate of this species 
provides some protection against dispersal into sub-optimal 
rainfall conditions. 
The lowest reproductive output was recorded for Drosan-
themum. As a semi-deciduous, woody shrub appearing much 
later on in the successional sequence, this species appeared 
to follow a strategy of adult plant persistence. Only 8% of 
the adult plants recorded were dead. Drought is the recurrent 
disturbance factor in the succulent Karoo which is most 
likely to result in seedling and adult plant mortality. Drosan-
themum is semi-deciduous and woody and therefore physio-
logically better equipped to deal with extended droughts 
than the other two species (Nicky Phillips, Department of 
Botany, University of Cape Town, pers. commun.). 
In conclusion, the reproductive biology of the three 
species studied appeared to reflect differences in the degree 
to which seed banks are a part of the plants' strategy of 
promoting population survival within the successional 
framework described by Yeaton and Esler (1990). 
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